Abstract. The surface of zeolite was modified by β-cyclodextrin (β-CD) using epichlorohydrin (EPI) as linker to prepare a novel and effective sorbent for removal of p-nitrophenol (p-NP) from aqueous solution. FTIR was used to characterize the surface modification. It was found that the different preparation conditions such as methods of pretreatment, the mole ratio of EPI to β-CD (M EPI :M β-CD ), pH and NaOH (%) made an impact on sorption capacity of p-NP on β-CD-modified zeolite (ECDMZ). Given M EPI :M β-CD 3:1, pH 4.07 and NaOH 6% might be optimum for β-CD to fix on zeolite surfaces. The sorption of p-NP on ECDMZ, cationic β-cyclodextrin (CCD) modified zeolite (CCDMZ) and natural zeolite (NZ) was compared by initial p-NP concentration with the batch sorption experiments. The results showed that the sorption of p-NP on ECDMZ was higher than that of CCDMZ and NZ.
Introduction
Natural zeolites, a kind of clay mineral, have a wide distribution and low price. So, many researchers tried to study its applications as sorbents in water treatment [1] . However, the sorption capacity of it is limited because of its structure characterization. Natural zeolites are hydrated aluminosilicate materials having permanent negative charges in their crystal structures, making them suitable for surface modification using cationic surfactants by ion exchange between the cations of surfactants and inorganic cations of zeolite [2, 3, 4] . This modification method has greatly improved the performance of zeolite. Unfortunately, the widely used surfactants for modification are still harmful to environment if with high concentrations. So, the research emphasis is suggested to be performance improvement of zeolites by developing green modifier. Therefore, cationic β-cyclodextrin (CCD) modified zeolite (CCDMZ) had been prepared by ion exchange between CCD and zeolite, and the good sorption capacity are obtained [5, 6] .
The objectives of this research is to keep improving the sorption performance of NZ by fixing β-CD to the zeolite surfaces using epichlorohydrin (EPI) as linker. This preparation process is expected to obtain a kind of new β-cyclodextrin (CD) modified zeolite (ECDMZ) that has a better sorption performance than CCDMZ by further increase the fixing amount of β-CD.
For study on the modification process of ECDMZ, the effect of methods of pretreatment, the mole ratio of EPI to β-CD (M EPI :M β-CD ), pH and NaOH (%) on sorption capacity were investigated after p-nitrophenol (p-NP) solutions were used to interact with ECDMZ. Moreover, the sorption capacity of ECDMZ, CCDMZ and NZ were compared at the same experimental conditions.
Materials and Experimental Methods

Materials and Apparatus
β-CD was obtained from Shanpu Chemical Reagent Corp., Shanghai, China; EPI and p-NP were purchased from Tianxin Chemical Corp., Tianjin, China. The natural zeolite (NZ) was taken from a mineral mine in Baiyin City of Gansu, China. Based on XRD analysis, the mineral contents of the zeolite used in the experiments are 45 % clinoptilolite, 35 % quartz, 1 % calcite, 6 % feldspar, 5 % illite, and 5 % montmorillonite.
The FTIR spectra of NZ and ECDMZ (KBr pellet) were recorded on a NEXUS 670SX (Nicolet Corp. Madison, WI, USA) in the range of 4,000-400 cm -1 .
Preparation of ECDMZ
A classical reaction was that the epoxy group of EPI reacted with hydroxyl group of zeolite under acidic condition, and then the new epoxy group was produced which would reacted with β-CD under alkaline condition. The route was as follows: NZ was initiatively prepared into HCl activated zeolite (AZ) and H zeolite (HZ) [7, 8] . The zeolite of 4 g was placed in a 250-mL flask prior to adding 100 mL deionized water and then the pH of the solution was adjusted to acidity with HCl. The mixture was shaken at room temperature for a certain time after a certain amount of EPI was added. The supernatant was discarded, and then 100 mL NaOH (4%) and a certain amount of β-CD were added. The mixture was shaken at room temperature for some time. The supernatant was discarded, and the sample was washed with deionized water and air-dried before further use [9] .
Sorption Experiments
Sorption experiments were carried out by the batch equilibrium technique with 0.5g zeolite and 25 ml p-NP solution with an initial concentration of 100 mg•L -1 in a conical flask. Then the supernatants were centrifuged at 2500rpm for 25min to be clear for the analysis of equilibrium solution concentrations. By this way, the concentrations of clear supernatants of p-NP at pH 3.5~4.0 were measured using a UV-V is spectrophotometer (UV-2102C, Unico Instrument Corp.) at 317 nm [10] . Blank sample without sorbent was used for the comparison under the same conditions. The amount of sorption per unit mass of sorbent was calculated by the following equation:
(1) Where, q is the amount of sorbed p-NP per mass unit of sorbent (mg•g -1 ); C 0 and C e are the concentrations of p-NP in the initial solution and in the aqueous phase after treatment for a certain period of time (mg•L -1 ), respectively; V is the volume of p-NP solution (mL), and m is the amount of sorbent (g). Figure 2 show the FTIR spectra of β-CD, NZ and ECDMZ, respectively. In Figure 1 , the broadband at 3,412 cm -1 is due to the stretching vibration of -OH groups. The bands at 2,930 cm -1 and 1,155 cm -1 are assigned to -CH 2 -stretching vibration and C-O-C stretching vibration, respectively. The band at 1,080 cm -1 is attributed to -OH stretching vibration. In Figure 2( Figure 2(b) , the band at 2,926 cm -1 corresponds to -CH 2 -stretching vibration. The band at 2,850 cm -1 is attributed to -CH-stretching vibration and the band at 1,075 cm -1 is due to the stretching vibration of Si-O groups. The bands detected at 795 cm -1 and 780 cm -1 correspond to -OH bending vibration. The bands at 574 cm -1 and 456 cm -1 correspond to Si-O-Al stretching vibration and Si-O bending vibration. Consequently, the appearances of these bands were considered evidence of the modification of zeolite surface by β-CD molecules.
Results and Discussion
Effect of Pretreatment of NZ on Sorption of ECDMZ
The principle of preparation of ECDMZ is the use of EPI as linker to react with hydroxyl groups of NZ and β-CD, respectively. It is necessary to provide a certain amount of hydroxyl groups on the surface of NZ. In order to increase the amount of hydroxyl groups and immobilize more β-CD molecules on zeolite, NZ is made into AZ and HZ before modification. The effect of pretreatment of NZ on sorption capacity of ECDMZ is exhibited in Figure 3 . In the comparison of experimental data, a significantly enhanced sorption capacity of ECDMZ-AZ and ECDMZ-HZ is observed. The sorption capacity of NZ and ECDMZ-NZ has not a significant change, but the sorption capacity of AZ and HZ has some improvement. This might indicate that the pretreatment of NZ help to not only improvement the sorption capacity of NZ, but also increase the amount of immobilized β-CD with which p-NP could form the stable inclusion complex to be attached onto zeolites. Obviously, the pretreatment will be able to generate a large amount of hydroxyl groups which can react with β-CD by EPI, especially HZ. Therefore, HZ is selected for the following subsequent experiments.
Effect of the M EPI :M β-CD on Sorption of ECDMZ
In the experiment of effect of the M EPI :M β-CD on sorption capacity of ECDMZ, the amount of zeolite and EPI are fixed, and the amout of β-CD is changed. The M EPI :M β-CD remarkably influences the sorption capacity of ECDMZ in Figure 5 . The sorption capacity of ECDMZ is basically constant with the increase of M EPI :M β-CD from 1:1 to 2:1. Although there is abundant β-CD, the amount of β-CD fixed on zeolite is basically unchanged because of the limited amount of EPI. The sorption capacity of ECDMZ is obviously improved with the increase of M EPI :M β-CD from 2:1 to 3:1, but the sorption capacity is sharply reduced with the further increment after the optimum M EPI :M β-CD (3:1). The results might be explained by the fact that the fixed β-CD is decreased due to the reduced amount of β-CD.
Effect of pH and the Percent of NaOH on Sorption of ECDMZ
The reaction of EPI and Si-OH is happened under acid condition. In M EPI :M β-CD 3:1 and NaOH 4%, the pH of the mixture obviously influences the sorption capacity of ECDMZ in Figure 6 . With the increase of pH, the sorption capacity increases gradually. At pH 4.07, the greatest sorption capacity is reached, and then it begins to reduce. The result indicates that pH 4.07 is optimal, in which the largest amount of EPI is bonded onto zeolite. The increment of the EPI amount results in the increase of the β-CD fixing amount. Therefore, the sorption capacity is improved. Under alkaline conditions, the EPI bonded onto the zeolite will form a new epoxy ring on the other side, and it will react with -OH of β-CD. In Figure 7 , the effect of NaOH (%) on sorption capacity is showed under M EPI :M β-CD 3:1 and pH 4.07. The sorption capacity increases with increasing NaOH from 2% to 6% and then the sorption capacity remains nearly constant with increasing NaOH from 6% to 8%. Experimental data proves that the β-CD fixing amount is reached the largest at NaOH 6% and the further increase of NaOH does not advance it. Therefore, the sorption capacity will remain constant because of the deterministic amount of β-CD. The comparison of sorption of NZ, CCDMZ and ECDMZ is exhibited in Figure 8 . With the increasing of initial concentration, the sorption capacities all increase. However, the sorption capacity of NZ is the smallest than that of CCDMZ and ECDMZ, which indicates that β-CD modified zeolite will improve the sorption capacity. The sorption capacity of ECDMZ is stronger than that of CCDMZ at the same concentration of p-NP. The result proves that the preparation method of ECDMZ is more favorable to performance improvement, by which the fixing amount of β-CD is more than CCDMZ.
Comparison of the Sorption of NZ, CCDMZ and ECDMZ
Conclusion
Modification of the zeolite surfaces with β-CD was prepared using EPI as linker to render those lots of lipophilic cavities in which appropriately size guest organic molecules could enter to form inclusion complexes when ECDMZ was utilized as sorbent for the removal of p-NP from aqueous solutions. Investigation of FTIR spectrum provided a strong proof for successful preparation of ECDMZ. Methods of pretreatment and variation in the parameters resulted in a series of different sorption capacity of ECDMZ. At M EPI :M β-CD 3:1, pH 4.07, NaOH 6%, the maximum sorption capacity of ECDMZ was obtained. The sorption of NZ, CCDMZ and ECDMZ were investigated regarding with initial p-NP concentration. It was evident that the increase of initial p-NP concentration was favorable to increase sorption. The sequence of sorption capacity were ECDMZ>CCDMZ>NZ, by which it was shown that the preparation of ECDMZ is successful and more meaningful.
